T
HE oval pupil or irregular pupil has been described in the ophthalmological literature) In addition, corectopia with and without notation of pupil shape has been reported in the neurological literature in patients with midbrain disorders. 2,4 More recently, Fisher I described the oval pupil in a series of patients, all of whom suffered acute intracranial catastrophes. In that article, a variety of pupillary shapes and sizes were described and the axis of pupillary distortion was detailed. We too have observed the oval or "football" pupil ( Fig. 1) , and describe its association with continual recording of the intracranial pressure (ICP) and the pupil's response to treatment for intracranial hypertension.
Clinical Material and Methods
Monitoring of ICP is routinely employed in our unit in patients with Glasgow Coma Scale scores of 7 or less following acute head injury, subarachnoid hemorrhage, or intracerebral hemorrhage. The ventricular catheter is our preferred method for monitorhag, and is used in approximately 95% of all cases.
During a 2-year period, the ICP was continuously recorded in 141 of our patients over 15 years of age. A strip chart recording of the ICP and systemic arterial pressure (SAP) is routinely employed when sustained elevations of ICP above 20 mm Hg are observed. The ICP at the time the oval pupil was first noted was immediately recorded as a separate entry. The response to therapy of both the ICP and the pupil was also recorded. In two instances, the ICP was recorded from the initial ventricular puncture, as the pupil was noted to be oval on admission.
Summary of Cases
In 13 of 15 patients the ICP was between 22 and 38 mm Hg at the time the oval pupil was first noted. In one patient who underwent removal of an epidural hematoma and in whom the bone flap could not be replaced because of brain swelling, the development of an oval pupil was associated with an ICP of 18 m m Hg. In the final patient, the oval pupil was noted immediately upon admission, which was 1 hour postinjury. However, when this patient's ventricle was cannulated the ICP was under 10 m m Hg. Although this patient had received mannitol and had been intubated, the PaCO2 at the time that the oval pupil was noted was 36 m m Hg. This suggests that the oval pupil was not secondary to intracranial hypertension. Of the 14 patients who did have intracranial hypertension at the time that the pupillary abnormality was first noted, nine demonstrated return of the pupil to a normal shape and size following reduction of the ICP. In the four patients in whom the ICP could not be satisfactorily controlled, the oval pupil became progressively larger, round, fixed, and unreactive. In a final case, the ICP was reduced below 20 m m Hg, but the pupillary abnormality has remained 3 months following injury, suggesting irreversible injury to the third nerve or to the midbrain.
Discussion
During a 2-year period, we have noted the oval pupil in 15 of 141 adults who had ICP recording in our unit. In every instance but one, intracranial hypertension of a moderate degree was present. Pressures below 30 m m Hg were recorded in six instances in association with the oval pupil. In the remaining eight patients with intracranial hypertension, the ICP was between 30 and 40 m m Hg. This indicates that the oval pupil represents a transitional stage between the normal and the fixed and unreactive pupil commonly noted with high ICP. The fact that in most instances the return to normal shape and size of the pupil could be correlated with control of the ICP supports this contention. The observation that failure to control ICP was in every instance associated with the development of a fLxed, dilated, and unreactive pupil is further evidence to support this conclusion.
There was no correlation between the degree of shift seen on computerized tomography (CT) and the level of ICP elevation at which the oval pupil developed. Table 1 demonstrates the CT or surgical diagnosis, the ICP at the time the oval pupil was noted, and the degree of shift observed on CT scan in the patients. There was no correlation between the degree of shift and the development of this abnormality, nor did the oval pupil seem to be a more frequent finding in patients with mass lesions than in patients in whom diffuse brain injury was present.
Our findings are in keeping with the observations of not an infrequent occurrence in patients suffering intracranial catastrophes. Wilson, 4 in his observations of corectopia, did not specifically note pupillary shape distortions; however, in one case he did describe the classical presumptive signs of increased ICP prior to the patient's lapse into coma and occurrence of corectopia. Selhorst and colleagues 2 expressed the view that the oval pupil can be explained "by centrally determined differences in parasympathetic tone in various segments of the pupillary sphincters." This explanation may be correct in some instances. However, the rapid reversibility of this finding in some of our patients, and the authors' own observations that involvement ofpreganglionic pupillary fibers at or proximal to the cavernous sinus can cause the oval pupil, would seem to indicate that the midbrain may not be involved in many patients who develop this phenomenon. Morever, the correlation of the oval pupil with ICP has not been reported previously, nor has a change in pupillary irregularity as a result of therapy been described.
We continue to believe that ICP monitoring is essential for the rational management of patients suffering severe brain injury. However, it is apparent that the oval pupil is indicative of clinically significant intracranial hypertension in the overwhelming majority of cases. This pupillary abnormality occurred in six patients with ICP's of 30 mm Hg or less, indicating that, in the majority of patients with an intact skull, therapy for elevated ICP should have been begun at a lower level. In patients in whom the bone flap is left out, ICP's in excess of 15 mm Hg can be associated with this pupillary abnormality, progressing to transtentorial herniation and the likelihood of brain-stem compression. This abnormality may occur in the presence of what has been considered relatively moderate elevations of ICP (less than 30 mm Hg). Some treatment regimens are predicated on the assumption that ICP elevations below 30 mm Hg do not require therapy, and we suggest that this concept requires reexamination.
There was no apparent explanation for the development of an oval pupil in one of our patients. This patient had no evidence of orbital injury, but did have evidence of C7-T1 fracture-dislocation with an incomplete cord injury. Whether transient movement of the brain stem during development of his spinal cord injury was responsible for the pupillary abnormality is speculative.
Summary
The association of the oval pupil with intracranial hypertension has been described in 14 patients. The oval pupil can be seen with what has been considered to be relatively mild or moderate intracranial hypertension. The fact that the reduction in ICP is associated with the return of the pupil to a normal shape in almost every instance strongly indicates that it represents a transitional stage, a midpoint between norreality and transtentorial herniation. If an oval pupil is noted in a patient on admission following head injury, subarachnoid hemorrhage, or other intracranial catastrophe, prompt management of the patient's injury is indicated, even if the clinical status of the patient appears good.
